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Abstract
Acute compartment syndrome (ACS) is a medical emergency that remains under-recognized and
understudied. This study aimed to identify risk factors for the traumatic and non-traumatic presentation of
ACS within a majority Hispanic population. A four-year retrospective analysis of medical records in a single
institution revealed 26 with traumatic and 21 non-traumatic patients presenting with ACS. Traumatic ACS
occurred in younger males following fractures, as previously described in the field. After controlling for age
differences, non-traumatic ACS occurred in older patients with multiple comorbidities, increased use of
statins, and anticoagulants as compared to the traumatic ACS group. A large proportion (80%) of the nontraumatic ACS group also presented with hypertension. Patients taking anticoagulants and statins should be
carefully monitored for ACS development after non-traumatic qualifying events and advanced age. Further
studies should identify how statins interact with the patients' racial/ethnic profile and the incidence of
comorbidities to promote earlier identification and reduce morbidities.

Categories: Orthopedics, Trauma
Keywords: statins, anticoagulants, hypertension, comorbidities, fractures, extremities, risk factors, general trauma
surgery

Introduction
It is estimated that acute compartment syndrome (ACS) affects approximately 1%-7% of the world
population annually [1,2]. This condition is classified as increased intercompartmental pressure due to
ischemia and inflammation following an injury or reperfusion of the limb tissue. Although it is considered
uncommon throughout other medical specialties, it is most commonly seen during orthopedic and trauma
surgery [2]. Surgeons need to identify this emergent condition quickly to avoid morbidity and mortality in
ACS.
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The diagnosis of ACS remains challenging despite well-established signs and symptoms for its presentation
[2]. Comatose or major trauma patients are challenging to diagnose because the classic presentation may not
be straightforward [1]. Recognizing the risk factors is essential for a timely diagnosis and an early fasciotomy
intervention. ACS risk factors include male patients above age 35, recent bone fractures (especially tibia
fractures), soft tissue injuries, muscle ischemia, and even burns [3]. ACS can lead to muscle necrosis within
three hours of muscle injury. The incidence of muscle necrosis is estimated to be 46% [4]. Muscle necrosis
can then lead to other limb complications, which may ultimately include sepsis and amputations.
There is currently a limited amount of data on chronic conditions that may be risk factors for ACS and even
less data on Hispanics' chronic risk factors. This gap in knowledge for a Hispanic population with high rates
of chronic conditions may be inadvertently aggravating patients' prognosis with ACS. In the lower Rio
Grande Valley (RGV), a region in Texas's southernmost tip where more than 90% of the population is of
Hispanic/Latino heritage [5], the morbidity of ACS and the incidence has not been established. Also, the RGV
has high rates of many chronic conditions and diseases such as coronary artery disease, obesity, and
diabetes, many of which remain among the highest in the United States [6-9]. In this study, we analyzed
patients with the diagnosis and clinical presentation of ACS, focusing on comparing traumatic and nontraumatic presentations. Our goal was not to find the incidence of ACS in our region but to identify the risk
factors and comorbidities in patients for cases that involve traumatic and non-traumatic events. Based on a
large number of comorbidities in our patient population, we hypothesize that ACS will present in patients
with similar comorbidities, regardless of the triggering event. Identifying the clinical characteristics
between traumatic and non-traumatic ACS events can inform the medical community about risk factors,
especially for the Hispanic population and patients with multiple comorbidities.

Materials And Methods
A retrospective review of electronic medical records information from January 1, 2015, to December 31,
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2019, was conducted within a Level 2 Trauma hospital in the United States' southernmost region. The study
was approved by the Institutional Review Board and conformed to the Declaration of Helsinki and the U.S.
Federal Policy for the Protection of Humans Subjects. All data collected were from documentation about the
standard of care. A waiver of informed consent based on the 45 CFR 46.116 was requested and approved by
the Institutional Review Board. The proposed research involves no more than minimal risk to the patients
and could not be carried out practicably without this waiver.
The definition of traumatic and non-traumatic compartment syndrome was based on T79 and M79
International Coding Diagnosis (ICD 10) codes, with their respective modifiers for the lower and upper
extremities. Since compartment syndrome might not always appropriately coded in the medical records, we
also identified patients who underwent a fasciotomy using the following current procedural terminology
codes: 27600, 27601, 27602, 27892, 27893, 27894. Compartment syndrome was identified based on
documentation of the following criteria: pain out of proportion, pain in response to stretching the affected
limb, paresthesia, tension, pallor, weakness, or paralysis [10,11]. Since limb amputation is a possible
outcome of compartment syndrome, we retrospectively evaluated limb amputation cases to determine if the
cause was a consequence of compartment syndrome. Patients were identified from all documented
admissions to the main hospital and all affiliated clinics regardless if the patient presented via emergency
room or regular office visits. One of the investigators assessed subject eligibility, and an independent trauma
data analyst corroborated the inclusion criteria validity. Male and female patients were included in the study.
Patients with compartment syndrome presentation in anatomical areas other than the upper or lower
extremities were not accounted for in this study. In addition, patients presenting with osteomyelitis and
gangrene were also excluded since the clinical and physiological presentation often follows a chronic
progression. Patients younger than 18 years were excluded as per study design and IRB approval.
To extract the data, we first identified the patients who met the criteria for age, diagnosis, and procedure
codes from the medical records at the hospital via a report from our site business intelligence department.
Second, we documented the condition(s) for which the patient was seeking treatment: if the ACS resulted
from a traumatic event, collect the trauma mechanism as reported in the medical chart; if there was no
trauma involved, collect the clinical event that occurred before presentation. Third, we collected from the
medical record the time and type of initial procedure (if any), neurovascular injury presence, chronic health
conditions, length of stay, current medications, and prior traumas or surgical interventions in the same
anatomical region of the identified compartment syndrome. Fourth, the collected demographic variables
included the age at the time of the event, sex, race/ethnicity, and body mass index (BMI). All information
were collected in a Microsoft Excel sheet using an alphanumeric code by a patient. No paper information was
collected or retained for the study.
Descriptive statistics were used for the entire study population. Frequencies and column percentages were
used to summarize categorical variables. Continuous variables were tested for normality using the ShapiroWilk goodness-of-fit test. Non-normally distributed variables were compared using the Wilcoxon signedrank test, and normally distributed variables were compared using the Student's t-test for independent
samples. Chi-square or Fisher's exact tests were used for categorical variables. Logistic regression analyses
were used to compare the effects of comorbidities and medications used in traumatic vs. non-traumatic ACS
controlling for the patients' age. The statistical analyses were two-sided and conducted using JMP 15.0 (SAS
Institute, Inc, Cary, NC, USA). The significance was set at p <0.05.

Results
Participants and demographic characteristics
An initial sample of 286 patients was identified for review. Amputations accounted for 179 records,
fasciotomies were an additional 52 records, and 55 records had an explicit diagnosis of compartment
syndrome in the upper or lower extremities. Thirty-six of the records from patients in the fasciotomy
procedure report were also in the compartment syndrome report. Exclusion criteria were applied to
eliminate patients under 18 years (seven records) and osteomyelitis (42 records). Most of the remaining
records were eliminated due to amputation resulting from gangrenous processes with no evidence of
compartment syndrome, fasciotomies procedures for other clinical presentations, and coding errors
(compartment syndrome in areas other than the limbs). Twenty-one non-traumatic and 26 traumatic
records of patients with compartment syndrome were included in the study. Since patients were initially
identified by procedures frequently used after ACS and explicit coding of the condition in the record, the
true prevalence of ACS in our population cannot be calculated due to the study's inherent design.
Table 1 describes the demographic characteristics of the cohort. Patients with traumatic ACS were on
average 16 years younger than the patients with non-traumatic ACS, and this difference was significant (t = 3.04, d.f. = 41.12, p < 0.01). Traumatic ACS patients were predominantly male compared to non-traumatic
ACS patients (X2 = 4.38, d.f. = 1, p < 0.05). Eighty percent of the cohort self-reported Hispanic/Latino
ethnicity, which is usual for our geographical area. The BMIs of both traumatic and non-traumatic ACS were
very similar, and both groups were considered obese. The traumatic group patients had a length of hospital
stay of 3.85 days more than the non-traumatic ACS group, but this difference was not significant. The
frequency of ACS was three times higher in the lower extremities than in the upper extremities in both
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groups.

Variable

Non-traumatic (NT)

Traumatic (T)

p-Value, NT vs. T

Number of patients

21

26

Age, mean (SD)

63.43 (18.78)

47.42 (17.17)

0.004

Sex, males, n (%)

12 (57.14)

22 (84.61)

0.039

Ethnicity, Hispanic (%)

17 (80.95)

21 (80.77)

0.647

BMI, mean (SD)

31.99 (6.90)

30.81 (8.55)

0.603

LOS, mean (SD)

9.38 (7.43)

13.23 (10.72)

0.154

CS, lower extremity

18 (85.71)

19 (73.08)

CS, upper extremity

3 (14.29)

7 (26.92)

TABLE 1: Demographic variables
BMI, body mass index; LOS, length of stay; CS, compartment syndrome

Main outcomes
The clinical factors that may influence ACS development were cataloged in both groups and presented in
Table 2. Neurovascular injury showed a trend toward significance with increased frequency in the nontraumatic group (X2 = 1.66, d.f. = 1, p = 0.06). The odds of neurovascular injury in the non-traumatic ACS
were 3.83 (95% CI: 0.85-17.30) compared to the traumatic ACS. No statistical differences were obtained for
the type of procedures performed between traumatic and non-traumatic groups (X2 = 1.27, d.f. = 3, p >
0.05). Since fasciotomies are the most frequent procedure performed after identifying ACS, we compared the
odds ratio for fasciotomies in the non-traumatic group at 0.66 (95% CI: 0.04-11.56); fasciotomies were
slightly less frequent in the non-traumatic group. Qualitative comparison of the clinical events before ACS
presentation was different for each group, with vascular complications and ischemia frequently observed in
the non-traumatic group and fractures in the traumatic group.
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Variables, n (%)

Non-traumatic (NT)

Traumatic (T)

Odds ratio (95% CI) for NT

Neurovascular injury

7 (33.33)

3 (11.54)

3.83 (0.85-17.30)

Fasciotomy

14 (66.67)

21 (80.77)

0.66 (0.04-11.56)

Amputation

1 (4.76)

1 (3.85)

No procedure

5 (23.81)

1 (3.85)

Other

1 (4.76)

3 (11.53)

Surgical complication

3 (14.28)

0

Vascular complications

7 (33.33)

0

Ischemia

4 (19.04)

0

Exertional/muscle injection

2 (9.52)

1 (3.84)

Fall-no fracture

0

7 (26.92)

Fracture

0

11 (42.31)

Penetrating injury

0

2 (7.69)

Other/unknown

5 (23.80)

5 (19.23)

Procedures

Cause/history

TABLE 2: Clinical characteristics of the cohort

The glucose and creatinine values before any intervention and post-intervention were documented and
extracted from the charts for those patients for which it was documented (Table 3). The only significant
difference between traumatic and non-traumatic groups was observed for post-procedure glucose. The nontraumatic group had a difference of 40 points higher than the traumatic ACS group (t = -2.91, d.f. = 17.51, p <
0.05). It is worth noting that glucose and creatinine changes followed opposite patterns in the cohort (see
percent difference in Table 3).

Variables, mean ± SD, n

Non-traumatic (NT)

Traumatic (T)

p-Value, NT vs. T

Glucose, pre-procedure

143.81 ± 53.00, 11

172.88 ± 119.80, 18

0.379

Glucose, post-procedure

172.30 ± 45.00, 13

132.00 ± 24.80, 17

0.009

% change pre to post

19.81

-23.64

Creatinine pre-procedure

3.14 ± 3.41, 11

1.20 ± 1.45, 22

0.095

Creatinine post-procedure

2.77 ± 2.91, 9

1.42 ± 1.91, 17

0.232

% change pre to post

-11.78

18.33

TABLE 3: Glucose and creatinine values for a sub-set of patients reported in the electronic
medical record

To understand how chronic diseases and medications may affect ACS development, we quantified the top 10
comorbidities in the patients (Figure 1A) and all medications reported during the hospital stay (Figure
1B). Since the non-traumatic ACS group presented an average age older than 60, many comorbidities were
expected compared to the traumatic ACS group. Statistical comparisons controlling for age revealed no
significant differences in the total number of comorbidities between groups (X2 = 3.50, d.f. = 11, p >
0.05). While hypertension was twice more likely in the non-traumatic than the traumatic ACS group (Figure
1A), this difference was not significant when age was entered as a variable in the analysis.
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The medications taken by the patients followed a pattern that was similar to the chronic diseases
reported. The total number of medications taken by patients was not different between non-traumatic and
traumatic groups when controlling for age differences (X2 = 1.03, d.f. = 1, p > 0.05). When individual classes
of medications were compared between groups, the patients in the non-traumatic group had a significantly
higher percentage of statins and anticoagulants use than the traumatic group, even after controlling for age
differences (statins: X2 = 9.48, d.f. = 1, p < 0.05; anticoagulants: X2 = 5.23, d.f. = 1, p < 0.05). Based on this
observation, we calculated the odds for using statins in the non-traumatic ACS group at 121.81 (95% CI:
3.22-4671.90), and the use of anticoagulants at 15.54 (95% CI: 1.04-231.05) compared to traumatic ACS
patients.

FIGURE 1: Comorbidities (A) and medications (B) reported in patients
with compartment syndrome at the time of presentation.
Statistical comparisons corrected for age revealed no significant differences in comorbidities between
traumatic and non-traumatic groups, but statistical differences in the number of patients taking statins and
anticoagulants. *p < 0.05.
HTN, hypertension; DM, diabetes mellitus; PPI, proton pump inhibitors; APAP, acetaminophen; NSAIDs, nonsteroidal anti-inflammatory drugs

Discussion
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The identification and accurate diagnosis of ACS remain a challenge for healthcare providers. Here, we
described the natural history of traumatic and non-traumatic compartment syndrome presentation in a
cohort composed predominantly of Hispanic patients. While patients’ clinical characteristics with traumatic
ACS were comparable to previous reports in the literature, the presentation of patients with non-traumatic
ACS was associated with patients’ use of statins and anticoagulants compared to traumatic ACS. Various
case reports on the use of satins and compartment syndrome have been published [12,13], but to our
knowledge, we are the first to present a cohort of patients with this clinical presentation.
ACS presentation in traumatic injuries has been well characterized, but it is not necessarily valid for nontraumatic ACS. Some of the risk factors for non-traumatic ACS include exertional exercises, vascular surgery,
blood clots, and prolonged compression of limbs [14]. Regardless of the mechanisms, both traumatic and
non-traumatic presentations of ACS may lead to multiple systems involvement, including muscular,
neurologic, and renal [15]. In the worst-case scenario, compartment syndrome may result in limb
amputation. In cases with better outcomes, the morbidity may result in organ damage, renal failure,
neuropathic pain, ulcerations, infections, etc. [16]. A conglomerate of resulting morbidities with chronic
consequences may lead to a faster decline of health and increase healthcare costs. Age, pre-existing
conditions, and the patient's health reserve are factors to consider during recovery. A healthy and younger
individual might recover faster and reach pre-injury functional outcome levels quicker. Still, an older person
with numerous comorbidities will have more difficulties getting to previous disease status. The creatinine
increase in traumatic patients observed herein could be partially due to the presence of other injuries that
might have produced muscle damage, dehydration, or other co-occurring clinical events that were not
explored in this project. Conversely, the elevated creatinine level seen in the non-traumatic cohort could be
explained by the number of comorbidities accompanying the patient before they developed ACS, mainly
diabetes and hypertension. While we did not compare the patient’s baseline creatinine prior to the ACS
event in this study, future studies could possibly compare how the ACS impacted baseline kidney status in
traumatic vs. non-traumatic ACS events, adding to the argument about the importance of recognizing risk
factors to avoid further morbidities.
The risk factors for the development of ACS include being male and younger age [17]. Thus, it is not
coincidental that these risk factors overlap with the population at higher risk for traumatic injuries
[18]. However, atypical presentations of ACS are equally important to recognize in all age groups. Patients of
advanced age with an increased number of comorbidities, such as hypertension, have been reported to
develop ACS in the absence of fractures [19]. Males were also overrepresented in the cohort of patients that
develop ACS in the absence of fractures, which is somewhat different from the current observations (57%
males for non-traumatic ACS). A possible explanation for this difference could arise from the female
population's concomitant use of statins and anticoagulants. While 60% of females with non-traumatic ACS
who used statins also used anticoagulants, only 12% of males fit the same criteria. Both anticoagulants and
statins have been independently associated with increased risk of ACS development [12,13,20,21], leading us
to hypothesize a synergistic effect of these drugs. Evidence for rhabdomyolysis was not documented in the
medical record of the patients taking anticoagulants and statins. Still, these observations highlight the need
for additional research on the contribution of pharmacological agents in ACS.
Not all statins are the same, and some may produce an increase in the risk of myopathies. Simvastatin and
pitavastatin are variants of statins that become troublesome for some individuals with a defective SLC01B1
gene that encodes for an organic anion-transport polypeptide involved in the hepatocyte and myocyte
uptake [22]. Hydrophilic statins are actively taken into the cells by active transporters such as those encoded
by the SLC01B1 gene. In contrast, lipophilic statins are passively diffused into the liver for the CYP450
metabolism and cause fewer myopathies [23]. Some of the statins' hydrophilic nature allows for an increased
uptake to the cells and therefore increased concentrations, predisposing muscles for myopathies and
possibly contributing to ACS. Consequently, it may be of clinical interest to identify which type of statin a
patient is taking to classify the patients at risk. Within our cohort, rosuvastatin (hydrophilic) was being used
by 40% of the non-traumatic ACS patients, supporting the possible role of hydrophilic statins in myopathies
that may lead to ACS.
The contribution of race/ethnicity in the development of ACS has been largely understudied. One prior study
in tibial fracture outcomes revealed an increased risk for ACS in white patients [24]. However, another study
looking at post-surgical complications following lower-extremity trauma found an increased incidence of
complications, including compartment syndrome, for African Americans [25]. Unfortunately, populationbased reports on the incidence and outcomes of ACS in Hispanics are non-existent, with Hispanic ethnicity
being described in case reports only (e.g., Reuss et al., 1999) [26]. A recent report of a young male who
spontaneously developed compartment syndrome in all four limbs describes a genetic mutation in the exon
3 of the GYG1 gene, involved in glycogen storage myopathies [27], providing a novel approach for
establishing a genetic predisposition to ACS. While the reasons for the lack of research studies on
race/ethnicity are likely multifactorial, some of the contributing factors may be associated with the low
frequency of ACS and the lack of proper identification. The increased morbidity burden associated with ACS,
along with a decreased quality of life, necessitates a better understanding of how it afflicts diverse ethnic
communities across the United States and abroad.
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Limitations
All retrospective studies have intrinsic limitations due to their design; nevertheless, they provide a
framework for the proposal of future interventional studies. Aware of these limitations, we took advantage
of the higher number of Hispanic/Latino patients living in the south Texas (USA) region to start filling the
gap in Hispanics’ surgical research. The generalizability of the current data to other ethnic groups is limited
due to its original design and intent. Also, Hispanic/Latino communities in other regions of the country
(e.g., Los Angeles, New York, Arizona) may have different clinical characteristics than those presented here
due to environmental and socioeconomic factors not considered in this study. These limitations highlight
the need for studying ACS within ethnic groups across the nation using similar designs. Increasing the
sample size, heterogeneity of the injuries, and pre-existing conditions will help us design predictive tools for
earlier identification and treatment of ACS. The low incidence of ACS has also led to an abundance of case
studies in the literature and a limited number of cohort or case-control studies. The number of
interventional trials registered in the United States is relatively small (11 studies currently recruiting or
active) and only two predictive or diagnosis natures. Therefore, the need for additional research on ACS is
imperative.

Conclusions
While clinical guidelines for ACS diagnosis have been published, the current tests, including biomarkers and
imaging modalities, still show low sensitivity and specificity. A list of risk factors for ACS development after
either traumatic or non-traumatic events have been reported, but how comorbidities might influence ACS's
outcome is not well understood. Risk factor analyses for ACS should be improved to include comorbidities
and medications within an easy-to-use bed-side scoring system. Based on the presented data, patients
taking anticoagulants and statins should be carefully monitored for ACS development, especially after nontraumatic qualifying events and advanced age. Further studies should be aimed at identifying how statins
interact with the patient's genetic profile and other comorbidities (e.g., obesity, diabetes, hyperlipidemia) to
increase the risk of ACS.
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